The 28 th International Conference 

of the 

International Group for the Psychology of 
Mathematics Education 



14-18 July 2004 
Bergen, Norway 




The 28th International Conference of the International Group for the Psychology of 
Mathematics Education, Bergen, Norway 14-18 July 2004 

Table of Content 

Lectures - Full-Text 

Classroom Business Same as Usual? (What) Do Researchers and Policy Makers 
Learn from Classroom Studies? ( Klette, Kirsti) 

Grappling with Complexity: Co-Learning in Inquiry Communities in Mathematics 
Teaching Developments Jaworski, Barbara) 

p37-54 Class, Diversity, and Race in Research on the Psychology of Mathematics 
Learning. (Powell, Arthur B.) 

p55-68 From Diversity to Inclusion and Back: A Lens on Learning. (Hershkowitz, Rina) 



Plenar 

p03-1 6 

pi 7-36 



Plenary Panel - Full-Text 

p71-80 Lives, learning and liberty. The Impact and Responsibilities of Mathematics 
Education. (Gates, Peter) 

p81-86 Do We Welcome Children’s Mathematics? Who are We? (Johnsen Heines, Marit) 
p87-94 Learning (and Researching) as Participation in Communities of Practice, (dos 
Santos, Madalena Pinto) 

p95-1 04 Researching and Learning Mathematics at the Margin: From “Shelter” to School. 
(Vithal, Renuka) 



Research Forums - Full Text 

pi 07-1 36 Affect in Mathematics Education - Exploring Theoretical Frameworks. (Hannula, 
Markku; Evans, Jeff; Philippou, George; and Zan, Rosetta) 
pi 37-1 66 Algebraic Equations and Inequalities: issues for Research and Teaching. (Bazzini, 
Luciana and Tsamir, Pessia) 

pi 67-1 96 International Perspectives on the Nature of Mathematical Knowledge for Secondary 
Teaching: Progress and Dilemmas. (Doerr, Helen and Wood, Terry) 
pi 97-226 Contrasting Comparative Research on Teaching and Learning in Mathematics. 
(Emanuelsson, Jonas and Clarke, David) 

p227-256 Researching Mathematics Education in Multilingual Contexts: Theory, Methodology 
and Teaching Mathematics. (Barwell, Richard and Clarkson, Philip) 



li 




The 28th International Conference of the International Group for the Psychology of Mathematics 
Education, Bergen, Norway 14-18 July 2004 

Discussion Groups - Abstracts 

p259 Examining Theses. (Forgasz, Helen and Hart, Kathleen) 

p260 The Role of Mathematics in Social Exclusion/Inclusion: Foregrounding Children’s 

Backgrounds. (Gates, Peter; Askew, Mike; Noyes, Andy; Winter, Jan and 
Zevenbergen, Robyn) 

p261 Keeping the Mathematics in Mathematics Education Research. (Teppo, Anne; 

Speiser, Robert; Sondergaard, Bettina Dahl; and Van Den Heuvel-Panhuizen, 

Marja) 

p262 Research by Teachers, Research with Teachers. (Novotna, Jarmila; Lebethe, 

Agatha; Rosen, Gershon; and Zack, Vicki) 

p263 Communication in Mathematics Classroom - Questioning and Listening. (Ejersbo, 

Lisser Rye and Pehkonen, Erkki) 

p264 Semiotic and Socio-Cultural Evolution of Mathematical Concepts. (Saenz-Ludlow, 

Adalira; Presmeg, Norma; and Vasco, Carlos E.) 
p265 Towards New Perspectives and New Methodologies for the Use of Technology in 

Mathematics Education. (Lins, Abigail Fregni (bibi); Carvalho, Luiz Mariano; Giraldo, 
Victor; and Edwards, Laurie) 

Sessions - Abstracts 

Developing Algebraic Reasoning in the Early Grades (K-8): The Early Algebra 
Working Group. (Olive, John and Blanton, Maria) 

Embodiment, Metaphor and Gesture in Mathematics. (Robutti, Ornella and Bolite 
Frant, Janete) 

Researching the Teaching and Learning of Mathematics in Multilingual Classrooms. 
(Barwell, Richard; Halai, Anjum; and Setati, Mamokgethi) 

The Complexity of Learning to Reason Probabilistically. (Speiser, Robert and 
Maher, Carolyn) 

Creative writing. (Hannula, Markku and Lebethe, Agatha) 

Symbolic Cognition in Advanced Mathematics. (Hegedus, Stephen; Eisenberg, 
Theodore; and Tall, David) 

Short Orals - Abstracts 

p277 The Development of Mathematical Concepts: The Case of Function and 

Distribution. (Anaya, Marta) 

p278 Identification of Mathematical mistakes by undergraduate students. (Applebaum, 

Mark) 

p279 Secondary School Teachers’ Pedagogical Content Knowledge. (Attorps, liris) 

p280 Exploring the Challenge of Online Mediation. (Back, Jenni) 

p281 Diversity of Geometric Practices in Virtual Discussion Groups. (Bairral, Marcelo) 

p282 Development of Insight of Future Math Teachers as a Result of Follow-up after 

Development of Mathematical Concepts. (Barabash, Marita) 
p283 Co-teaching by Mathematics and Special Education Pre-service Teachers in 

Inclusive Seventh Grade Mathematics Classes. (Barash, Aviva) 
p284 Is It a Mathematical Proof or Not? Elementary School Teachers’ Responses. 

(Barkai, Ruthi) 

p285 Investigating Using the Theory of Realistic Mathematics Education to Elicit and 

Address Misconceptions. (Barnes, Hayley) 

p286 An Investigation of Beginning Algebra Students’ Ability to Generalize Linear 

Patterns. (Becker, Joanne Rossi) 

p287 Singapore’s Elementary School Mathematics Texts and Current Research on Whole 

Number Operations. (Beckmann, Sybilla) 



iii 



Workim 

p269 

p270 

p271 

p272 

p273 

p274 





The 28th International Conference of the International Group for the Psychology of Mathematics 
Education, Bergen, Norway 14-18 July 2004 



Short Orals 

p288 

p289 

p290 

p291 

p292 

p293 

p294 

p295 

p296 

p297 

p298 

p299 

p300 

p301 

p302 

p303 

p304 

p305 

p306 

p307 

p308 

p309 
p31 0 

p31 1 
p31 2 
p31 3 

p314 

p31 5 



- Abstracts 

The Role of Learning Communities in Mathematics in the Introduction of Alternative 
Ways of Teaching Algebra. (Berg, Claire) 

Is Theoretical Thinking Necessary in Linear Algebra Proofs? (Bobos, Georgeana) 
Distance education in Mathematics. (Borba, Marcelo) 

Changing Prospective Mathematics Teachers’ Conceptions on Assessment: A 
Teacher Training Strategy. (Bosch, M. Asuncion) 

Elementary Students’ Use of Conjectures to Deepen Understanding. (Brendefur, 
Jonathan) 

Mathematics Confidence and Approaches to Learning: Gender and Age Effects in 
Two Quite Different Undergraduate Mathematics Courses. (Cretchley, Patricia) 
Project MENTOR Measuring the Growth of Mentor and Novice Teacher 
Mathematics Content Knowledge. (Dawson, A. J. (sandy ) 

Overcoming Students’ Illusion of Linearity: The Effect of Performance Tasks. (De 
Bock, Dirk) 

The Dots Problem: Third Graders Working with Function. (Earnest, Darrell S.) 
Comparing Assessment Modes and Question Formats in Undergraduate 
Mathematics. (Engelbrecht, Johann) 

Mathematics, Popular Culture and Inclusion: Some Findings and Methodological 
Issues. (Evans, Jeff) 

Mathematics Education in Multicultural Contexts: A Vocational Challenge for the 
Italian Teaching Staff. (Favilli, Franco) 

Improving Written Tests: What do Student Teachers Think About It? (Ferreira, 
Rosa) 

The Role of Assessing Counting Fluency in Addressing a Mathematical Learning 
Difficulty. (Finnane, Maureen) 

The Interplay of Students' Views on Mathematical Learning and their Mathematical 
Behavior: Insights from a Longitudinal Study on the Development of Mathematical 
Ideas. (Francisco, John) 

A Newly-Qualified Teacher's Responsibility for Mathematics Teaching. 
(Georgiadou-Kabouridis) 

Mathematics Teacher Understanding as an Emergent Phenomenon. (Glanfield, 
Florence) 

Generic and Specific Competences as a Framework to Evaluate the Relevance of 
Prospective Mathematics Teachers Training Syllabuses. (Gonzalez, Marfa Jose) 
Why the Mathematics Performance of Iranian Students in TIMSS was Unique? 
(Gooya, Zahra) 

Creativity in Schools: Interpretations and the Problematic of Implementation. 
(Grainger, Harry) 

Workshop on Developing Problem Solving Competency of Prospective Teachers. 
(Haja, Shajahan) 

Enhancing Mental Computation in Year 3. (Heirdsfield, Ann) 

The Evolution of Secondary School Mozambican Teachers Knowledge About the 
Definition of Limits of Functions. (Huillet, Danielle) 

What is a Mathematical Concept? (Jahr, Einar) 

Students' Conceptions of Limits and Infinity. (Juter, Kristina) 

Do Computers Promote Solving Problems Ability in Elementary School? (Klein, 
Ronit) 

Interpretation and Implementation of the L97's Mathematics Curriculum. (Kleve, 
BodH) 

Research on the Process of Understanding Mathematics: The Inclusion Relation 
Among Fractions, Decimals and Whole Numbers. (Koyama, Masataka) 



IV 




The 28th International Conference of the International Group for the Psychology of Mathematics 
Education, Bergen, Norway 14-18 July 2004 



Short Orals 

p31 6 
p31 7 
p31 8 

p31 9 

p320 

p321 

p322 

p323 

p324 

p325 

p326 

p327 

p328 

p329 

p330 

p331 

p332 

p333 

p334 

p335 

p336 

p337 

p338 

p339 

p340 

p341 

p342 



p343 



- Abstracts 

Classification as a Tool for Building Structure. (Kratochvilova, Jana) 

Characteristics of the Project as an Educational Strategy. (Kubinova, Marie) 
Retention Effect of RME-Based Instruction in Differential Equations. (Kwon, Oh 
Nam) 

The Connection Between Entrance Examination Procedures and Pre-service 
Elementary Teachers' Achievement in Mathematics. (Kaasila, Raimo) 

Pre-Service Elementary Teachers' Situational Strategies in Division. (Laine, Anu) 
Developing of Mathematical Problem-Solving at Comprehensive School. 

(Leppaaho, Henry) 

Mathematics Teaching as Invisible Work. (Lewis, Jennifer) 

Cabri-Geometre: Two Ways of Seeing It and Using It. (Lins, Abigail Fregni (bibi) 
First Graders’ and Kindergarten Children’s Knowledge of Grafic Symbole System of 
Numbers and Addition and Subtraction. (Mark - Zigdon, Nitza) 

Students' Ability to Cope with Routine Tasks and with Number-Sense Tasks in 
Israel and in Korea. (Markovits, Zvia) 

Learning School Mathematics Versus Being Matematically Competent- A 
Problematic Relationship. (Matos, Joao Filipe) 

Teachers Create Mathematical Argumentation. (Mevarech, Zemira R.) 
Professionalism in Mathematics Teaching in South Africa; Are We Transforming? 
(Mkhize, Duduzile) 

In the Transition from Arithmetic to Algebra: Misconceptions of the Equal Sign. 
(Molina Gonzalez, Marta) 

Mathematical Process: An Analysis of the Student Communication on Open-Ended 
Problem. (Mungsing, Wancharee) 

Student Authority in Mathematics Classroom Discourse. (Masoval, Heidi) 
Professional Identity and Professional Knowledge: Beginning to Teach 
Mathematics. (Oliveira, Helia) 

Celebrating Diversity: The Role of Mathematics in a Curricular Alternative to 
Promote Inclusion. (Oliveira, Isolina) 

Might Students Be Knowledge Producers? (Oliveira, Paulo) 

Whole School Reform in Mathematics. (Pateman, Neil) 

Elementary Student Teachers’ Self-Confidence as Learners of Mathematics. 
(Pehkonen, Erkki) 

Understanding and Transforming Our Own Practice by Investigating It. (Ponte, 
Joao-Pedro) 

Is It Time To Let Go of Conservation of Number? (Price, Alison) 

Connections Between Skills in Mathematics and Ability in Reading. 

(Ricers, Elin Kirsti Lie) 

A Study of Fourth-Grade Students’ Explorations into Comparing Fractions. 
(Reynolds, Suzanne) 

Quality in Mathematics Teachers Training Syllabuses. (Rico, Luis) 

Analysis of Teachers' Activity for Continued Design Computer-Based Teaching 
Support. The Case of Diagnosing Students' Algebra Competences. (Rogalski, 
Janine) 

Profiles in Logic and Mathematical Performance in Calculus Tasks by Graduate 
Students. (Rogalski, Marc) 



v 




The 28th International Conference of the International Group for the Psychology of Mathematics 
Education, Bergen, Norway 14-18 July 2004 



Short Orals 

p344 

p345 

p346 

p347 

p348 

p349 

p350 

p351 

p352 

p353 

p354 

p355 

p356 

p357 

p358 

p359 

p360 

p361 

p362 

p363 

p364 

p365 

p366 



- Abstracts 

The Importance of Teachers’ Attitudes for the Use of New Technologies in 
Mathematics Classrooms (Sacristan, Ana Isabel) 

A Teacher's Method to Introduce Story Problems: Student-Generated Problems 
(Saenz-Ludlow, Adalira) 

Teachers' Management of the Epistemological Features of Mathematics: Searching 
for Links with Pupils' Mathematical Knowledge (Sakonidis, Haralambos) 

Farm Mathematics (Salo Nevado, Laia ) 

The Effects of Technology on Making Conjectures: Linking Multiple Representations 
in Learning Iterations (San Diego, Jonathan) 

Attitudes towards Mathematics and Mathematics Taught with Computers: Gender 
Differences (Sanchez, Jose Gabriel) 

Computer Graphics Training of Spatial Ability with Direct Manipulation (Schumann, 
Heinz) 

How Pre-Service Mathematics Teachers Understand Percentage Problems 
(Sheffet, Malka) 

Category of Students' Justification and its Relation to the Structure of 
Argumentation: An Analysis of Discourse in Systems of Linear Differential Equations 
(Shin, Kyunghee) 

Adapted Learning with Special Focus on the Aspect of Language in Mathematics 
(Skorpen, Leif Bjorn) 

Prospective Teachers’ Understanding and Representations of Multiplication of 
Fractions (Son, Ji-Won) 

Lesson Study Professional Development for Mathematics Teachers (Southwell, 
Beth) 

Changing Students' Attitudes to Mathematics Through Small Group Work (Steward, 
Susan) 

Beliefs as an Influence on Mathematical Reasoning (Sumpter, Lovisa) 

Perceptions of Order: The Case of Dynamic Behavior in DGE (Talmon, Varda) 
Colourful Maths: From Fiction to Reality (Teles, Lucflia) 

Prospective Teachers' Knowledge of Existence Theorems (Tirosh, Chaim) 

How Do University Professors Decide What to Teach in Graduate Level Curriculum 
Courses? (Tung-Pekkan, Zelha) 

Problem Solving Skills to Optimise Mathematical Concept Development (Verhoef, 
Nellie) 

Studies of the Early Math Strategy: A Longitudinal Study of Teacher Development 
(Vezina, Nancy) 

University Students’ Extension of Linear Models to Non-Linear Situations (Villarreal, 
Monica Ester) 

Teachers' Concept of Slope as Repeated Addition (Walter, Janet) 

Can Students Define Abstract Concepts: Using Generalization Principle in Learning 
Algebraic Structures (Yevdokimov, Oleksiy) 




The 28th International Conference of the International Group for the Psychology of Mathematics 
Education, Bergen, Norway 14-18 July 2004 

Poster Presentations - Abstracts 

p369 Problab: Multi-Agent Interactive Computer Models for Grounding Probability in 

Perceptual Judgments of Spatial Proportions and in Accessible Mathematization 
(Abrahamson, Dor) 

p370 Synoptical and Epistemological Vision of Points in a Figural Task on the Cartesian 

Plane (Acuna Soto, Claudia) 

p371 Green Response and Green Dialog - Communication Among Teachers and 

Students (Botten, Geir) 

p372 Students' Understanding of Area and Definite Integral Concepts within an Enhanced 

Computer Learning Environment (Camacho, Matfas) 
p373 The Illusion of Linearity: A Literature Review from a Conceptual Perspective (De 

Bock, Dirk) 

p374 Sona Drawings: A Didactical Software (Favilli, Franco) 

p375 On the Possibilities of Success or Failure of a Teaching Model. Algebraic Blocks for 

Low-School-Performance Students (Gallardo, Aurora) 
p376 Exploring the Mathematical Knowledge of Grade 1 and Grade 2 Children Who Are 

Vulnerable in Learning Mathematics (Gervasoni, Ann) 
p378 Emotion and Affect in Mathematical Education Exploring a Theoretical Framework 

of Interpretation (Gomez-Chacon, Ines) 

p379 Abstraction in the Learning of Mathematics by Fifth-Graders in Russia (Gusev, 

Valery) 

p380 Benchmarks in an Early Number Curriculum (Hart, Kathleen) 

p381 The Appropriation of Notions of Reflection by Visually Impaired Students (Healy, 

Lulu) 

p382 Dynamic Models of Linear Functions (Hegedus, Stephen) 

p383 Student's Attempt to Solve Several-Step Problems in Probability (Iversen, Kjaerand) 

p384 Constructivist Approaches in the Education of Future Teachers, Case of Geometry 

(Jirotkova, Darina) 

p385 Wow! It Would be Fun to Learn Math by Playing a Game!: Number Concept and 

Mathematical Strategy in the Game Yut-Nori (Ko, Ho-Kyoung) 
p386 The Impact of the National Numeracy Strategy in England on Pupils' Confidence 

and Competence in Early Mathematics (Kyriacou, Chris) 
p387 Tactile Manipulation and Communication (Littler, Graham) 

p388 A Framework for Action for Mathematics Teacher Development (Mcclain, Kay) 

p389 Developing Effective ‘Ratio’ Teaching in Primary School: Results from a Case Study 

(Misailidou, Christina) 

p390 Development of Mathematics Lesson Plans Using ICT by Prospective Elementary 

School Teachers (Pang, Jeongsuk) 

p391 Mathematics Textbooks and their Use in Secondary Classrooms in England, France 

and Germany: Connections, Quality and Entitlement 
(Pepin, Birgit) 

p392 Girls' Participation in Some Realistic Mathematics: Reflections from Student 

Teachers (Povey, Hilary) 

p393 Scaling in Elementary School: Understanding and Learning through a Web-based 

‘Scaling Workshop’ (Rangnes, Toril Eskeland) 
p394 Feeding Calves, A Mathematical Activity (Salo Nevado, Laia) 

pP395 Supporting Visual Spatial Representations in Building Early Numeracy (Saundry, 
Carole) 

p396 Dimensionality in Understanding Algebraic Concepts (Singer, Florence Mihaela) 

p397 Inverse Relations Between Division Terms: A Difficulty Children are Able to 

Overcome (Spinillo, Alina Galvao) 

p398 Internet-Supported Teaching and Learning in Mathematics Teacher Education 

(Weigand, Hans-Georg) 

p400 A Study of Developing “School-Based” Mathematics Teaching Module on “Time” 

(Yao, Ru-Fen) 

vii 




CLASSROOM BUSINESS AS USUAL? (WHAT) DO 
POLICYMAKERS AND RESEARCHERS LEARN FROM 
CLASSROOM RESEARCH? 



Kirsti Klette , University of Oslo, Institute of Educational Research 
1 have called this contribution: 

“Classroom Business same as usual? (What) Do Policymakers and Researchers 
Leam from Classroom Research?” 

I would like to use this opportunity to address a recurring problem in educational 
research: 

The problem of change within educational change - or more precisely - the 
denial of change within educational change. 

This is often framed as a problem for the practitioners. The problem of change - the 
lack of change - is a problem that belongs to the professionals and the practitioners: 
to schools and teachers, to the pupils and their parents. In this contribution I will 
discuss this as a problem - and a challenge - for researchers and policy makers. How 
come researchers (and policy makers) continue to reproduce schools, teaching and 
learning in terms of status quo? The research literature tells us that despite a huge 
amount of reform efforts teachers, students and parents continue to reproduce a rather 
stable and familiar pattern of interaction and repertoires in schools and classrooms 
which could be summed up by the following phrase: Classroom business as usual. 

In Norwegian a saying goes: 

“Reformer kommer og gar - klasserommet bestar ” 

This might of course be an empirical fact - in the sense that established patterns of 
activities, communication and interactions in schools - the “grammar of schooling” — 
are so strong that they continue to set their regime through - despite all sorts of 
reform efforts. 

But it might also reflect an embedded problem in how educational research practices 
grasp, analyse, document and envision dimensions of change within the same 
practices. 

The epistemologist I.Wallerstein has been occupied with the denial of change within 
social sciences, which he links to the absence of a critical examinations and analyses 
of concepts, theories and methodological practices within the social sciences. 
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Wallerstein states for example that concepts, theories and analytical framework 
developed throughout the 19 th century no longer are adequate for defining and 
describing political and social changes, movements and activities in today’s rapidly 
changing society. As a consequence social sciences are locked up with . .the denial 
of change in theories of change” (Wallerstein 1991). 

The American educationalist Tom Popkewitz claims that policy studies in education 
(and he actually uses Norway as an example) tend to reproduce their own common 
sense understanding because analytical concepts, categories and practices are not 
critically examined and analysed. This has as one of its consequences the “. . . denial 
of change within educational change “.. and where the “. . . knowledge system of 
policy and research denies change in the process of change.” (Popkewitz 2000: 25) 

In this paper I will address the denial of change within educational change by 
focusing on three factors relevant for how the educational research community 
frames and approaches the process of change within educational practices. 

• Theoretical perspectives underlying the different studies 

• Types of data and methodological practices that establish the bases for 
analyses and conclusions 

• Conceptual and analytical framework for analysing the situation. 

I will use later empirical research from Norway, Sweden, UK and US to discuss these 
issues. Especially I will lean on later classrooms studies from elementary and lower 
secondary schools in Norway. These studies were conducted during a period of large 
reform efforts in Norway. In the 90’s Norway - as a lot of other Western countries - 
experienced educational restructuring in education implying new ways of funding 
and steering the educational sector as well as new professional roles for educational 
stakeholders. A new national curriculum was introduced in 1997 putting new 
professional demands on the teachers as well as requiring new forms of classroom 
practices. The comprehensive school system was extended from 9 to 10 years of 
schooling (meaning that children start at school at six instead of seven). 

Along with the reform efforts in Norway a large research program was initiated on 
the basis of the reform trying to grasp some of the effects and impact the reform had 
on the daily practices of teachers and schools and on their forms of interaction. This 
research and evaluation program, Reform 97 (implemented by the Research Council 
of Norway), had a twofold ambition. Firstly, the program wanted to focus on how the 
reform functioned and developed and what measures might be taken to make 
improvements. Secondly, the evaluation program also intended to provide general 
knowledge and information about the compulsory school. The program would 
combine the evaluation ambitions with research ambitions. 
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The program funded 25 different research groups or projects varying from subject 
specific investigations in school subjects such as written Norwegian, maths, science 
and the use of drama to the role of textbook as curriculum facilitators, assessing 
different types of curriculum policy instruments, new challenges for the 
municipalities a.o. The program implied the most extensive support for school based 
research in Noiway with a price tag of 6 mill. Euro, extending for a period of 4 years 
(Haug 2003). 

The problem of status quo in education 

How come educational research tends to arrive at status quo as a way of describing 
how reform efforts interplay with educational practices? 

A vast research literature seems to sum up the relation between policy (such as 
educational reforms) and practice (in terms of school practices) as the following 
research titles suggest: 

■ The persistence of recitation (Hoetker and Ahlbrand 1969) 

■ The more you change the more it will remain the same (Sarason 1982) 

■ Teaching Practice: Plus que 9 a change (Cohen 1988) 

■ Reforming Again, Again and Again (Cuban 1990) 

■ The Grammar of Schooling (Tyack and Hanson 1990) 

■ The predictable failure of educational change (Sarason 1991) 

■ No news on the reform front (Monsen 1998) 

Decades of reforming the curriculum (and school practices) again and again had 
obviously not brought about the changes that the reform authorities had hoped for. 
The research on the impact of the new curricula supports this impression even 
further: 

• Most teachers reported that the curriculum guidelines had no or little impact on 
their lesson planning, teaching, their students’ involvement, student 
achievement, etc. 

• The format, size, level of detail, etc. of the guidelines had no or very little 
impact on how students and teachers cope. 

• Higher stakes, added content, etc. led to almost nothing, or rather the opposite. 

• The main effect of the external process evaluation tools seemed to be 
legitimation and the distribution of new argument around the curriculum, 
neither innovation nor quality enhancement. (Hopmann 2003; 127) 

The impact of educational reforms such as curricular reforms on educational practices 
points to a complicated and complex discussion which I will not go deep into here. 
David Cohen, Deborah Ball and their colleagues have for example underpinned how: 
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. . Schools and teachers simply cannot meet the expectations of the center 
(reforms), because they do not have the fiscal and human resources that are 
required, teachers do not have the skills that are asked of them, and/or they are not 
given the training and education required to develop those skills.” (Cohen, 
Raudenbusch, & Ball 2002) 

In this presentation I will take a slightly different perspective on how educational and 
curricular reforms have an impact on educational practices in schools and classrooms 
and discuss the lack of change — or the denial of change to quote Tom Popkewitz — 
as an interior or embedded part of research design and research methodology. 

This I will do by getting more deeply into three different - but slightly interrelated - 
arguments: 

i) Theoretical perspectives underlying the different studies (reform 
perspectives /reform fidelity vs reform hybrids/looking for large scale 
change) 

ii) Methodological tools and types of data that establish the bases of analyses 
and conclusions 

iii) Analytical framework and established concepts for analyses. 

But first I will give a brief description of how educational literature describes 
educational practices in classrooms. 



Classroom business as usual? An overview 

What defines/constitutes educational practices in the classrooms? According to a vast 
research literature there are some inhibited patterns of schooling and teaching that 
seem to continue to define interaction, roles and repertoires in classrooms - the so 
called “grammar of schooling” (Tyack and Hanson 1990). 

The persistence of plenaiy teaching - Plenary’ teaching dominates 
Teachers dominate, regulate, define and evaluate communication and activities. This 
communication can be described by the rule of the 2/3 which means that for 
approximately 

75 % of the time teachers talk and/or regulate all official classroom conversation. 

The dominant pattern of interaction follows a predefined 1RF (E) pattern of 
communication. 

The pupils are left with small possibilities for participation and influence. 

If we examine the impact of reform and curriculum on schools and classrooms the 
picture becomes even more grimy, or, as stated earlier from different studies, teachers 



1-6 



PME28 - 2004 



report that the curriculum guidelines had little or only limited impact on their lesson 
planning, teaching, their students’ involvement etc. The bottom line could be 
summed up by one the titles quoted earlier: “Reforming Again, Again and Again” or 
“The Predictable Failure of Educational Change” 

The different studies identify different mechanisms for explaining this situation such 
as: 

o School structure and school organisation 
o Epistemological traditions of schooling and teaching 
o Teachers’ and students’ competences and repertoires 
o Power relations 

o Schools as certificates for social reproduction. 

I will not go deep into the different explanations here. My point is that despite 
reform efforts during different periods researchers continue to report that principal 
modes of instruction (lecturing, recitation, demonstration, seat work) continue to 
dominate despite the increased range of possibilities. 

In my further argumentation I will penetrate these findings and conclusions by 
carefully examining how our theoretical, conceptual and methodological framework 
might lead us to scrutiny of conservatism and status quo. 



i) Theoretical perspectives underlying the different studies 

The way analytical and theoretical perspectives inform and shape your analyses and 
conclusions is not a controversial issue and argument in research today. To some 
degree we all find what we look for in the sense that our theoretical perspectives 
inform and impregnate our interpretation of the world. (A certain degree of curiosity 
or astonishment should however guide our research practices - taking the Bourdieu 
argument on epistemological ruptures seriously.) 

For the case of educational refonns we can at least distinguish between two analytical 
traditions in evaluation approaches. The first tradition, a structural - instrumental - 
tradition, focuses on structures, implementation tools, legitimacy, etc. Who were 
involved in the process, central means of the reforms, types of implementation 
processes etc. A structural/instrumental approach focuses on rational and cognitive 
structures, tools and implementation processes. 

A cultural - institutional - tradition takes a slightly different stand. Instead of 
focusing on intentions and implementation mechanisms and tools the focus will be on 
how institutions and their agents meet and interact with the different reform policies. 
In this approach the focus is neither on the programmatic or the intentional part of the 
reform nor on how the institutions neglect and counteract towards the reform efforts 
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but rather how institutions and agents selectively negotiate, ignore and adapt to the 
reform. 

In this last perspective rather than seeing how reforms change the schools one is 
interested in how schools change the reforms. 

Larry Cuban is among those who speaks for the value of such a perspective if we 
want to know more about how reforms impact on schools and teaching and learning. 
Rather than looking for what is being described as a fidelity or efficiency approach to 
how reforms impact on schools and teaching and learning he speaks for the value of 
perspectives that enable us to grasp how schools change reforms such as a popularity 
perspective or a diffusion perspective. Such a perspective enables us to locate how 
educational practitioners adapt to innovations to the ongoing lives of their schools 
and seek coherence where it counts the most - in classroom instruction. Cuban finds 
it useful viewing reform plans “. . . not as clearly mandated policies but as concepts to 
be evaluated on their practical effects, positive or negative, and then reframed 
accordingly” (Cuban 2004). In his work together with historian David Tyack 
(1995;64), Cuban argues how reforms should be deliberately designed to be 
hybridized, to be able to fit local circumstances. 

In his overview on how reforms impact on teachers, instruction and learning (based 
on American experience) Cuban states that over time teachers ignore, combine and 
adapt different reform strategies. Educational reforms do affect educational practices 
if they 

i) are built on and reflect teachers’ expertise 

ii) acknowledge the realities of the school as a workplace 

iii) accept the wisdom of those teacher adaptations that improve the intended 
policy 

Let me take an example from the Reform 97 evaluation program. One of the projects 
identifying a fairly high degree of reform success in relation to the new curriculum 
reform is within written Norwegian in lower secondary schooling. The scholars 
Evensen et al. underpin a robust and vital picture of Noiwegian writing skills based 
on in depth analyses of National tests in written Noiwegian. In their study Evensen et 
al. highlight two central findings. First of all it has become more difficult to achieve 
good marks as well as bad marks after the new grading system was introduced. 
Despite the intention of the new grading system, one is now more likely to achieve an 
average learning result (and get a mark in the middle) than with the earlier grading 
system. This is what the scholars call an unintended consequence of the refonn. But 
the second and more important finding is as follows. The writing culture in lower 
secondary schools in Norway can be described in terms of vitality and pluralism. This 
vitality can be identified in the way the students write their texts (use of textual tools, 
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approaches, etc.) as well as within established norms for good writing among the 
evaluators (sensorer). Textual pluralism, trust and confidence impregnate both the 
students’ way of writing and the established norms for good writing within the 
evaluators’ corpus. Evensen et al. undeipin how this situation reflects a sensus 
communis in first language writing skills between literacy teachers’ established 
norms for good writing in upper secondary classes and the way the national 
curriculum defines textual competence. Process writing has become a national 
standard for good writing, recognised by both teachers, students, evaluators and 
curriculum designers. Process writing has been spread and made popular through a 
systematic and deliberate use of developmental teachers’ pioneer work in this respect 
and is today recognised as the good way of writing among professionals, students and 
national evaluators and in curriculum texts. 



ii) Methodological tools 

How methodological tools inteiplay with conclusions arrived at. 

Another way to understand the denial of change within educational change is linked 
to methods of measurements used in the different studies. 

If we look at later studies - and especially the studies identifying some aspects or 
traces of change - they are all relying on some sort of in depth studies and how data. 
If we use the Reform 97 evaluation as an example, the studies identifying new forms 
of practices are all based on some sort of qualitative data or a combination of survey 
data and qualitative data. To put it another way: Studies leaning solely on survey 
information tend to be good at grasping established forms of educational practices in 
terms of the what aspect, but seem to be less able to identify ongoing changes and 
especially changes related to the how aspect. Survey studies enable us to see patterns 
of distribution and variation across groups, individuals and contexts on a large scale. 
Survey studies are however less fitted for identifying substantial and detailed 
variances. Maybe ongoing changes in educational practices are related to substantial 
rather than structural elements and are better envisaged by in depth and how related 
data. 

Misunderstand me right. 1 do not mean to speak for a methodological program - in 
terms of observation data/discourse analysis data or the like. What I want to address 
is how our methodological tools interplay with, and define, the conclusion we arrive 
at. Once again although frontal teaching and teacher centered instructions - and 
especially the IRF pattern - still define central aspects of classroom organisation in 
Norwegian classrooms they are differently played out today than those defined by 
Bellack, Mehan and other well recommended studies. One of the big differences 
compared to earlier studies is related to the role of the students and their possibility 
for participation and contribution. In that sense the IRF patterns of today are much 



PME28 - 2004 



1-9 



more “student centered” in terms of students’ possibilities for initiation, negotiation 
and involvement. 

What data might bring you to the wrong conclusions. The persistence of an activity 
over time does not mean that we are describing the same activity and phenomenon. If 
we use how data we see that teacher centered questions - recitation patterns of today 
to paraphrase Hoetker and Ahlbrand - give much more room for student 
participation and student latitude. Let me give you an example from a recitation 
sequence in a math classroom at the 9 th grade: 

Pursuing an interest in details 

In English there is a saying: The devil is in the details. In a sense, educational 
research should play along with the devil and endeavour to go beyond everyday 
language and search for the epistemological ruptures (the Bourdieu argument). For 
those of us interested in educational practices and how to cope with change there 
might be strong arguments for detailed in depth studies (alongside with more 
comprehensive studies) in education. Carefully designed and clearly focused in depth 
studies enable us to see how classroom activities interact with ongoing societal 
changes. The changes in classroom activities and interaction themselves (from 
plenary activities to seatwork in pairs or groups) ask for in depth studies as well as 
detail studies, simply because the most common practices in Norwegian classrooms 
today are desk interaction and not plenary teaching. 

Context vs Content 

So far I have been arguing for qualitative studies - or to be precise the need of both 
comprehensive data and in depth data - as a way of grasping ongoing changes in 
educational practices. But in depth data or contextual data could be grasped in 
different ways - or more precisely context means different things during different 
periods and from different perspectives. The shift from studying teaching to studying 
interaction can illustrate one such shift in perspective. Another aspect of what defines 
context can be recognised in how a mathematician versus an educationalist inteiprets 
and explains classroom interaction. 



iii) Analytical and conceptual language 

A third road to understand “the denial of change within educational change” can be 
linked to the established analytical and conceptual language offered for analysing 
teaching and learning in educational practices. Within the field of education we have 
a lot of concepts established for analysing educational practices such as: 

- teacher centered vs student centered 

- traditional vs progressive 

- mimetic vs transformative 
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- monological vs dialogical 

- process vs content 

- control vs autonomy. 

Based on the data played out throughout the qualitative and quantitative descriptions 
of Norwegian classrooms after the new Curriculum Reform our teachers and students 
cut through these dualistic and polarised concepts. If we use teacher style as an 
example our teachers combine and merge aspects of teacher centered methods with 
student centered methods in a rich, nuanced and flavoured fashion. 

Dualistic concepts such as teacher centered vs. student centered or traditional vs. 
progressive do not offer an empirical, sensitive and synthesizing way of describing 
the observed classroom practices. In most classrooms the teachers combined aspects 
of teacher centered organised activities with more student centered and activity 
organised pattern of organisations. For a lot of classrooms (and especially at the 
higher levels (grade 6 and grade 9)) the work plan (arbeidsplan) or work schedule 
seems to be the driving force for the activities during the school day. Rather than 
describing the classrooms as teacher vs student centered they seem to be activity and 
work schedule centered. This implies an indirect and written ruling of the classrooms 
and where the teachers use a lot of the plenary activities to secure, direct and 
metacommunicate around the predescribed activities. In their comparison of Swedish 
classrooms from the 70’s and the 90’s, Lindblad and Sahlstrom state that although 
plenary sessions are less frequent in the classrooms of the 90’s (where seat work at 
desks dominates), the teacher as a master and conductor of the activities seems to be 
more central in the classrooms of the 90’s. They state for example: 

“What we also find when comparing the materials (1970 classrooms and 1990 
classrooms - speaker’s comment) is that there are substantially longer 
sequences of instruction of how to perform in the 90’s material, often with a 
high level of detail.” 

And they continue: 

“The introduction of desk work thus seems not only to have introduced a new 
way of working, but it also affects the organisations of the seemingly plenary 
teaching.” (Lindblad & Sahlstrom 2004) 

Available established concepts and analytical framework might contribute to a 
prolongation of established practices and an inscription of status quo also during 
periods impregnated with changes. 



Concluding remarks 

In this essay I have discussed how educational research relates to, frames and 
identifies educational change. As the scientific epistemologist Wallerstein has 
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underpinned, concepts and analytical framework (and we could add methodological 
tools and theoretical perspectives) need critical examination and analyses so they can 
fulfil their potential as tools for describing social changes, movements, and activities. 
Without examining the common sense of its own analytical understanding, research 
can preserve the very systems that are to be interpreted and engaged in critical 
conversations. 
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COMMENTS TO KIRSTI KLETTE: 

CLASSROOM BUSINESS SAME AS USUAL? WHAT DO 
POLICYMAKERS AND RESEARCHERS LEARN FROM 
CLASSROOM RESEARCH? 

Inger Wistedt 

Department of Education, Stockholm University 



Kirsti Klette offers an interesting shift of perspectives on the problem of a ‘denial of 
change’ i.e. the problem that classroom practices seem to stay more or less the same 
despite decades of reform efforts. Her suggestion is that this problem, often attributed 
to teachers’ reluctance to implement new modes of teaching, may instead be due to 
inadequacies in the researchers ’ analytical frameworks, which she urges us to re- 
examine. I propose that in our scrutiny of current research practices we take into 
account not only how theories and methods frame aspects of the implementation 
process but also how we, as educational researchers, relate to reform ideas. 



INTRODUCTION 

In her plenary talk Kirsti Klette invites us to reflect upon a seemingly obvious fact: 
despite decades of curriculum refonn in Norway and elsewhere there is little evidence 
of real change in teaching practices. This ‘denial of change’ is often viewed as a 
problem that rests upon the practitioners. Klette cites David Cohen and his colleagues 
who state that schools and teachers often lack the “fiscal and human resources” 
needed to meet the demands of the policymakers. Teachers may not have the 
knowledge and skills necessary to implement the changes that the policymakers and 
agencies hoped for or are not offered the appropriate in-service training required to 
improve their skills. 

In her talk Klette contests this way of framing the problem of a ‘denial of change’. 
Instead she invites us, as educational researchers, to re-examine critically how we 
frame and identify educational change. She argues that the problem of a ‘denial of 
change’ may well be an artefact of our own research practices; scrutinising 
conservatism and the status quo may be an interior or embedded part of the theoretical 
and methodological perspectives used to analyse how institutions and agents adapt to 
the reforms. If our analyses are based on superficial or incomplete accounts of what is 
going on in the classrooms we may not be able to identify refonn success, or worse, 
we may ourselves be instrumental in reproducing a traditional ‘grammar of schooling’ 
(Tyack & Hansot 1990) 

Klette argues that in-depth studies are needed to evaluate the impact of educational 
reforms on classroom practice. She emphasizes that we need to look more closely at 
the lives and work of teachers and students in order to understand how the 
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policymakers’ guiding principles are transformed into classroom practice. I agree with 
her. An activity such as ‘recitation’ may easily be identified as such if we describe it 
solely in terms of what is going on in a classroom, but may turn out to be a varied and 
nuanced activity, maybe not even ‘recitation’ at all, if we view it in terns of how it is 
done and how it is interpreted by the participants. 

I deeply sympathise with Klette’s call for self-scrutiny amongst researchers engaged 
in studies of social change. 1 would even like to bring her argument a bit further by 
addressing a question that is not elaborated in her talk: How do we as researchers 
relate to educational reform, in particular to the reform ideas of today? Is there not a 
need for greater self-reflection in regard to our own roles and responsibilities when it 
comes to the relation between policy setting and classroom practice? 



TEACHERS’ RESPONSES TO CURRICULUM REFORM. 

Let us assume, for the sake of argument, that there exists such a phenomenon as a 
‘denial of change’ in teachers’ responses to curriculum reform. Following Klette we 
need to ask ourselves how we should interpret such responses. In a recent article 
Klette (2002) points out that there are two ways of viewing current educational 
reforms in the Nordic countries: we may either regard them as efforts of 
empowerment and professionalisation for schools and teachers, or as tools for 
trivialising the teachers’ work and subjecting education to economic regulations (p. 
266). Under the former interpretation we can view teachers’ reluctance to implement 
the required changes in their teaching practice as a manifestation of inertia or even 
conservatism (or as Klette suggests even as an artefact of the researchers’ analytical 
frameworks). Under the latter interpretation we may view professional resistance to 
change as both rational and well-founded. 

Are there reasons to believe that current school reforms may be detrimental to the 
quality of teaching and learning? Thematic approaches to curriculum delivery, active, 
meaningful, cooperative learning, and pupil autonomy are guiding concepts in the 
official rhetoric behind Nordic efforts to restructure compulsory education 
(Broadhead 2001). How could such seemingly positive efforts possibly cause concern 
among practitioners? 

WHAT CAN POLICYMAKERS AND RESEARCHERS LEARN FROM 
CLASSROOM STUDIES? 

Klette would like to see more in-depth studies of the interplay between reform efforts 
and educational practices. Such studies already exist, studies that address issues 
highly relevant to the debate over current reforms and their practical meaning (e.g. 
Bergqvist & Saljo in press; Siegler & Hiebert 1999, Siegler 2004). I will refer to 
some of these studies below, since they shed light on the reasons why teachers may 
be reluctant to unreservedly implement the policymakers’ ideas, and why there is 
cause to discuss critically the researcher’s role in relation to these ideas. 
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“Pedagogy is never innocent. It is a medium that carries its own message” 
(Bruner 1996) 

Current curricular reforms in the Nordic countries focus on certain qualities in 
student learning. In doing so other aspects of the learning process may shift out of 
focus and appear to be less important. A clear message of the current reforms is that 
meta-cognitive and social skills are of primary importance to schooling, whereas 
content knowledge plays a secondary or auxiliary role in fostering active, 
independent and cooperative learners (Bergqvist & Saljo in press). For instance, the 
concept of the ‘autonomous learner’ seems to have paved the way for patterns of 
social interaction that “encourage, and require, self-observation, self-control, and 
meta-awareness on the part of the individual” ( ibid p. 3). Bergqvist and Saljo draw 
this conclusion from an extensive in-depth study carried out among children seven 
and twelve years in six primary schools in Sweden. Their results show that planning 
one’s work and monitoring the time spent on various tasks have become more 
important to the teachers and students than engaging in the content of these tasks. 

“It is the demonstration of being able to perform the planning that is the decisive element. 
In what sense the planning actually supports children’s work remains far from clear.” 
( ibid p. 9) 

Since the theme of this conference is Inclusion and Diversity it is worth pointing out 
that this new focus, or rather this new content of learning, seems to benefit students 
who are responsive to the demands that they self-govem their activities, which in turn 
may favour students from certain social strata (cf. Bernstein 1971-75). 

Be Prepared to Scrutinize the Reform Ideas 

The TIMSS study provides a rich offering of 231 video-taped eighth-grade 
mathematics lessons from three countries, Germany, Japan and the U.S. documented 
from 1994-1995. In their book The Teaching Gap, Stigler and Hiebert (1999) 
comment on the differences in teaching practices in these three countries. The 
Japanese and the U.S. lessons stand in sharp contrast to each other. While the 
Japanese teachers gave the students subtle hints, encouraging them to think for 
themselves and guiding them towards correct and effective problem-solving methods, 
the U.S. teachers’ discovery-learning practice left the students more or less to 
themselves to discover mathematical principles and techniques by ‘grappling and 
telling’. Stigler and Hiebert conclude that: 

“Japanese teachers, in certain respects, come closer to implementing the spirit of current 
ideas advanced by U.S. reformers than do U.S. teachers.” {ibid, p. vii) 

However, the empirical studies give little weight to such a notion. In an independent 
study of excerpts from the TIMSS video-recordings Alan Siegel (2004) shows that 
the Japanese lessons include “...more lecturing and demonstration than even the 
more traditional U.S. lessons” {ibid, p. 28) and, perhaps more striking: 

“The video excerpts show Japanese lessons with a far richer content than the 
corresponding offerings from the U.S. and Germany.” {ibid, p. 20). 
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Even if the videotapes as well as the statistical data gathered within the T1MSS 
project show that Japanese styles of teaching differ significantly from those in the 
U.S. (ibid, p. 17), Stigler and Hiebert do not find any cause for questioning the 
reform ideas. Instead, based on the results of the TIMSS study, they conclude that 
something has gone wrong in the implementation of the reforms. My suggestion is 
that we, as researchers, prepare to scrutinise not only the key ideas emanating from 
our own sphere that underpin reform initiatives but also precisely how these ideas 
may transform classroom practice. The in-depth studies that Klette calls for in her 
talk can be used for such a purpose as well; in fact, the studies cited above show that 
such data, in combination with more comprehensive studies, is needed if we want to 
know how idealised reform goals are met when realised in classroom practice. 

CONCLUSIONS 

Educational inquiry often develops in close contact and cooperation with 
policymakers. Not only do we offer our services as advisors or evaluators, we are 
often active partners in the shaping of educational policy. This may make us reluctant 
to question reform ideas since in many case they begin with us. We concentrate on 
the problems of implementing the ideas or of reflecting on the theories and methods 
we use to make sense of the implementation process. My main comment to Klette is 
that we should also and maybe first and foremost, concentrate on scrutinising the 
very ideas that form the basis of these reforms. 
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GRAPPLING WITH COMPLEXITY: CO-LEARNING IN INQUIRY 
COMMUNITIES IN MATHEMATICS TEACHING 
DEVELOPMENT 

Barbara Jaworski 

Agder University College, Norway 

The complexity of mathematics teaching involving both cognitive and sociosvstemic 
factors makes development problematic. Examples from research into teaching 
reveal factors in complexity and ways in which inquiry’ between teachers and 
didacticians can foster deeper ways of knowing in the developmental community. 
Research is seen as the basis of an inquiry process which develops inquiry in 
mathematics teaching as both a tool for teaching and a way of being for all learners. 
Theoretical discussion on the concepts of inquiry and community’ and their relation to 
development leads to consideration of approaches in which mathematics teaching 
development is the object of a design process. Tensions between learning theory and 
proposals for developmental practice are revealed and addressed. Research that is 
designed to create and study inquiry communities is introduced. 

INTRODUCTION 

The question of how mathematics teaching does or can develop and how that 
development is sustainable is at the centre of this paper. Research is revealing 
increasingly valuable insights to mathematical learning, both in terms of 
mathematical content and of processes in constructing mathematical ideas. We see 
also more sophisticated curriculum construction, some of it taking into account 
research findings. Yet, we find there are still serious issues in students’ achievement 
in mathematics. Teaching is not achieving the widespread mathematical know-how 
that society would like to see. So, we question teaching and the education of 
teachers. Research here has revealed many factors that seem important to teacher and 
teaching development. Yet, despite a theoretical knowledge of such factors and a 
sincere desire to foster students’ mathematical competence, we experience activity in 
classrooms that does not seem to foster learning. There are many sources that address 
issues involved here, particularly issues 1 might call ‘sociosystemic’. 1 will start with 
just three references. 

In 1987, Desforges and Cockburn, writing about sincere teachers who were aware of 
the importance of developing students’ higher order skills and able to do so in 
subjects other than mathematics, suggested that “classrooms as presently conceived 
and resourced are simply not good places in which to expect the development of 
higher order skills currently desired from a mathematics curriculum” (p. 139). They 
wrote further, “the teacher’s job is more complex than that assumed by those who 
advise them on how to teach mathematics . . . [indeed] the job is more difficult than 
even the teachers realize”; “constraining classroom forces operate in concert and . . . 
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teachers’ necessary management strategies exacerbate the problems of developing 
children’s thinking” (p. 155). 

In 2002, Despina Potari and I discussed episodes from the work of a teacher 
concerned to offer mathematical challenge to students in her class. While some 
episodes provided clear evidence of challenge, there were others in which challenge 
was lacking, in which the teacher answered her own questions and offered her own 
explanations in response to students’ apparent inabilities to do so. Discussion with 
the teacher revealed a complexity of factors militating in this and other situations 
against teaching that would provide appropriate challenge (Potari & Jaworki, 2001). 

It was not a case of saying what should or could have been done, but of addressing 
the sociosystemic demands on the teacher. I shall return to this research. 

In 2002, Razia Mohammad reported research with mathematics teachers who had 
followed an eight week university course addressing mathematics and the learning 
and teaching of mathematics from a perspective of developing teaching. She found 
that the teaching she observed conformed largely to traditional school practices with 
little evidence of the course having made a difference. Sociosystemic factors were 
evident - physical conditions, authority structures, attitudes, teacher-pupil 
relationships, text books, examinations, and time. One teacher challenged the 
researcher as follows: 

Is it all applicable in this situation? If you were allowed to work here would you be 

able to maintain the quality of thinking and work you all do at the [university], (p. 1 12) 

This challenge from a teacher to a researcher/educator captured a gulf between the 
thinking and conditions at the university and those in the school. The course had 
developed a rapport between teachers and educators. The closeness of relationship 
was still evident when the researcher worked with teachers in the school context. But 
the teacher knew that the researcher’s knowledge did not encompass the same 
understandings of school conditions as the teacher’s knowledge - what it was like to 
work as a teacher, deeply embedded in the social milieu of the school system. 

I used here the word “knowledge”, but an alternative term which captures multiple 
forms of knowledge relating to situation and context is “ways of knowing” (Belenky, 
Clinchy, Goldberger, & Tarule, 1986). The educator in the example above had been 
for many years a teacher in the same kind of school system, but now her ways of 
knowing, developed within the university context, differed from those of teachers 
trying to implement university-knowing in their school context. However close this 
educator came to understanding the teaching context - knowing it from her previous 
experience and knowing about it now — she could not experience it as a teacher now. 

In addressing teaching development it seems essential to address the ways of 
knowing of those who contribute to development which includes teachers and 
educators. The word “educator” can be seen as divisive: teachers are also educators. 
Mathematics educators in a university setting are didacticians of mathematics - they 
have a responsibility to conceptualise and theorise learning and teaching of 
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mathematics, to develop knowledge in these areas, which is different from teaching 
mathematics per se (although they might do this as well). In most cases, they do not 
teach mathematics in schools and their ways of knowing school culture are different 
from those of teachers. They might also be teacher-educators with responsibility to 
teach teachers. These distinctions are important to the discussion that follows. 

In my introduction above I used the pronoun “we”. For example, I said “we 
experience activity in classrooms that does not seem to foster learning”. For 
inclusivity of teachers in conceptualizing teaching development it needs to 
encompass both teachers and didacticians. It is a challenge for both groups to 
achieve ways of working together that draws on all their ways of knowing in 
mutually fruitful ways. Sandy Dawson has written about an “inservice culture” 
which assumes that “there is something wrong with mathematics teaching world- 
wide, and that we, as mathematics educators, must fix it” (1999, p. 148, my 
emphasis). It becomes more and more obvious to me that didacticians can theorise 
and suggest, and work to understand how theories and suggestions can be realised the 
school culture, but they cannot “fix it”. How much more powerful might it be if 
theories and suggestions were to come also from within the school culture - from 
teachers? I have been working on this question for many years (e.g., Jaworski, 1998). 

It seems important here to recognise that 

a) there are many issues relating to mathematics learning and teaching in schools 
that need to be addressed and that didacticians bring ideas and concepts that 
can be explored in such contexts; 

b) teachers’ ways of knowing mathematics learning and teaching are largely 
school bound, and often school cultures militate against theories and 
suggestions from outside the school context; 

c) didacticians’ ways of knowing mathematics learning and teaching are largely 
theory based and, although many have been teachers formerly, it is rare for 
such theoretical knowing to be embedded in a school context. 

My focus in this paper lies in how to draw fruitfully on both kinds of knowing for 
developing practice in the learning and teaching of mathematics. I first offer some 
examples to illustrate complexity in teaching and teaching development, with 
teachers and didacticians engaging together in inquiry to improve mathematical 
learning. I then discuss theory relating to inquiry communities in mathematics 
teaching development, leading to some discussion of developmental theory and 
practice. Finally, I introduce a current research project that is rooted in these ideas. 

EXAMPLES OF COMPLEXITY IN MATHEMATICS TEACHING 

Management of Learning in a Vectors Lesson 

Ben’s Year 10 class (ages 14-15) was working on vectors. They had considered the 
idea of a vector AB (y) as a journey from A to B, and had moved on to considering 2y 
and 3y. 1 had observed the lesson and was talking with Ben about it afterwards. 
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1 BJ Oh, another thing I recall now, do you remember when you’d got three-AB up 

there, six, six? (Ben said ‘yeah’) And you turned round and you asked Luke. And 
my understanding of that was, Luke’s not paying attention. You’re checking that he 
knows what’s going on. And you asked him to explain that. And he clearly hadn’t 
listened at all, but he comes up with an alternative correct representation. 

2. Ben But that’s Luke. That’s the sort of person he is, isn’t it? I think. 

3. BJ I mean, I was quite surprised not to / for you not then to make the link, but you 

decided to go on and . . . 

4. Ben I felt there was so much around, that I had to sort of / it’s these judgments again 

isn’t it? You make these judgments all the time. (Jaworski, 1994, p. 191) 

Discussion was about the vector (6, 6) which had emerged from three-times the 
vector y (3y) where y = (2, 2). The class had many questions which were being asked 
and discussed. For example, if the vector AB is a journey from A to B, what is the 
journey related to three times this vector - where is B in 3AB? Students asked their 
questions vociferously and were answered, equally vociferously, by others. Ben, the 
teacher, was one voice among many as he responded to and managed the discussion. 
Luke looked as if he was not attending and Ben addressed him directly. I had 
expected Luke not to know what was being discussed, but quick as a flash he 
suggested (6, 6) was 2 AB plus AB (2y + y}. This seemed to me like a new way of 
seeing (6, 6) and I was surprised that Ben did not emphasise it to the class. 

In whole class mode, Ben was managing a complex interchange of questions and 
answers. In the middle of it all, he checked up on Luke. He then returned his 
attention to other students. Contrary to my expectations he did not take Luke’s 
contribution further. When we discussed this later, he referred to “judgments” which 
had been a topic of discussion between us many times. What are the factors 
contributing to each judgment a teacher makes? How can the teacher manage his 
attention to such factors? Can he be aware enough of factors to have the option to 
deal with explicit choices at the moment they arise? John Mason (2001) talks about 
“noticing in the moment” and Donald Schon (1987) about “reflecting-in-action”. The 
theory is that the teacher is sufficiently aware of the choices to be made, and possibly 
the issues involved, that he can act knowledgeably at the moment of choice. 

Michael Eraut (1995), in a critique of Schon, suggests that teaching is too complex 
for reflecting-in-action to be a serious option for most teachers. He suggests that 
“reflection-in-action involves thinking at a meta level about the process in which one 
is engaged”; involving “a ladder of reflection, where people move up a rung to reflect 
at a meta level on what they have been doing then down again to take consequent 
action”. He emphasises “the effect on the mode of cognition of the time available for 
thinking”, recognising that “a teacher has to be constantly assessing the situation, 
responding to incidents, deciding whether to change the activity, alert for 
opportunities to tackle difficult issues”. This suggests that time in teaching decisions 
is too short to support the metacognitive activity required; that teaching, is too 
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demanding to allow for noticing, and acting knowledgeably, in the moment (c.f., 
Desforges & Cockbum, above). Y et, 1 know from my own experience and reports 
from teachers (Jaworski, 1994) that reflection-in-action does happen with 
consequences for immediate teaching action. 

Ben was engaged in a complex management of the learning environment in the 
situation described, captured by the term ‘management of learning’, a theoretical 
construct 1 have used as part of a triad, the teaching triad. This also includes 
constructs of sensitivity to students and mathematical challenge. The three 
constructs, ML, SS and MC, are deeply linked to account for teaching situations. 
According to Ben, he saw SS and MC to be subsumed within ML (Jaworski, 1994, p. 
144). In the episode, Ben’s management of learning included handling the whole 
class discussion, deciding how best to respond to students’ questions, injecting new 
ideas, and checking up on Luke’s involvement. He noticed that Luke did not seem to 
be attending, so he acted to check on Luke. He said afterwards that he had not 
followed up Luke’s input because there was “so much around”: that is, so many 
factors of which he was aware. Further discussion revealed Ben’s attention to 
students who were struggling with vector concepts, gender issues in trying to include 
some quieter girls in the dominating questions from other students, and the noise 
levels in the room which were sometimes unacceptable for thinking and interaction. 
The choice, a) to value Luke’s input overtly and b) to offer the alternative way of 
seeing the vector 3y to others in the class, was something I saw, as an observer 
without teaching responsibilities. Ben was focusing on multiple concerns. As we 
grappled together with such issues and inquired into teaching processes and tensions, 
our knowing developed relative to our particular contexts: Ben’s in terms of his 
making of judgments, mine in a developing awareness of factors of complexity. 

Some further examples 

In Potari and Jaworski (2001), we described research which explored the use of the 
teaching triad as a developmental and analytical tool. We wrote about the teacher 
Jeanette who wanted her Year 9 class to appreciate relationships between volume and 
surface area of cuboids and wanted to challenge pupils fruitfully (i.e., mathematical 
challenge directed at conceptual learning outcomes). We point to an episode in 
which two boys seemed to be developing strong concepts (they used the term 
‘compact’ to describe minimum surface area for a given volume), and were able 
therefore to react well to the teacher’s challenges. There seemed to be harmony 
between sensitivity and challenge: Jeanette’s in-the-moment decisions there seemed 
appropriate in her management of the learning situation. However, later, under the 
stress of a Friday afternoon lesson, students’ unwillingness or inability to offer 
explanations, and time factors in finishing an activity, this same teacher entered a 
funnelling process in which she herself explained the concepts she wanted students to 
address. She was aware of the conflict between her aims and actions, but she needed 
a closure to current activity and, in the moment, no other actions were obvious. In 
reflecting on the activity later, she explained that what she would have done, ideally, 
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did not fit with time factors and the mood and behaviour of students. This discussion 
in our research team led to an elucidation of socio-systemic factors that have to be 
considered in the teachers’ design of teaching (p. 372/3). 

In an episode we are writing about in another paper currently, two girls had not done 
their homework. Their teacher, Sam, had asked them to look up the meanings of 
“mode”, “median” and “mean” in a dictionary for homework. They said they thought 
they needed a French dictionary, and did not have one. They had been unable to 
make sense of his task, and had avoided the necessity to do so. Many students had 
not engaged with the homework task. Sam remonstrated, students grumbled and the 
atmosphere became unpleasant. Sam was unable to engage with his planned activity 
for the lesson. He was irritable; changing his plans on the spot (finding a way to deal 
with students’ difficulties, avoidance of work and current disruptive attitudes) 
challenged his teaching. At the same time, he experienced a growing awareness of 
the inappropriateness of the challenge in his task for the students. In our research, he 
had become aware of his tendency to offer mathematical challenge without attending 
to the sensitivities involved. He had set himself the task of paying greater attention to 
his sensitivity to students. In this case, as he worked with the students to overcome 
the unpleasantness in the classroom, analysis shows how successive interactions 
addressed students’ cognitive and emotional needs and that learning outcomes were 
more fruitful than might have been expected. Again, as we talked about this together 
we grappled with complexities in teaching and how design of teaching, both before 
and in a lesson, could account for all that was ‘around’. The teaching triad played an 
important role in these analyses. 

Key factors in complexity and development 

These examples just start to sketch the kinds of complexity I see in trying to develop 
teaching. They include dealing with in-the-moment decisions involving cognitive 
and sociosystemic factors relating to the diverse needs of pupils in class and beyond: 
time factors, syllabus demand, mathematical or didactical beliefs, emotions of 
teachers and pupils and more. Teachers tried to balance challenge and sensitivity 
within a management of learning that was both inclusive of students (sensitive to 
their thinking and needs) and focused on deep consideration and development of 
mathematical concepts. Line by line analyses of classroom dialogue provided a fine- 
grained insight to a complexity of relationships between challenge and sensitivity. 

As we talked about who the teacher attended to at certain times in the classroom, how 
he or she steered the mathematical discussion, what sociosystemic factors influenced 
decision-making and so on, we explored issues and recognised complexity for 
teachers. Our awarenesses of the relatedness of theory and practice, and the 
corresponding tensions in dealing simultaneously with theory and practice, led to a 
powerful form of co-learning in which inquiry was a central element. Seth Chaiklin 
has written, of social situations where research contributes to development, 
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Social science research has the potential to illuminate and clarify the practices we are 
studying as well as the possibility to be incorporated into the very practices being 
investigated. (Chaiklin, 1996, p. 394. My emphasis.) 

My focus on teaching development, considering ways of knowing of both teachers 
and didacticians in developmental practice, looks into how research itself is a major 
factor in enabling growth. I offered a framework for analysing the qualities of such 
research (in Jaworski, 2003) and have taken “inquiry” as a unifying factor between 
research and the learning and teaching development on which research has focused. 

RESEARCH AND DEVELOPMENT - INQUIRY AND CO-LEARNING 

So far, 1 have emphasised aspects of complexity in developing mathematics teaching, 
the differential ways of knowing of teachers and didacticians, and the centrality of 
research in teaching development. 1 want now to explore further the relationship 
between research and development, linking to notions of inquiry and co-leaming. 

With reference to her work on “reciprocal teaching”, Ann Brown (1992) recalls the 
significance of her work being dismissed as “only the Hawthorn effect”, which 
claims . . the mere presence of a research team will lead to enhanced performance 
because of the motivational effects of the attention received by the “subjects””(p. 

163). She suggests that the Hawthorne Effect, far from being a factor to be wary of 
in educational research, is actually one to be valued and built on to enhance 
knowledge and promote improved practices. These days, we might talk of 
“participants” rather than subjects: however, I want to go further. In the examples 
above, teachers are not just participants in empirical research; they are partners in 
developmental research. In the research with Ben, in which 1 set out to do an 
ethnographic study of his teaching, the relationship soon developed a mutuality in 
which learning was reciprocal. He became far more than a “subject” of this research. 
However, the learning resulted from there being a research project. 

What do I mean when I say that Ben was “far more” than the subject of the research? 
Put simply, I claim that he became a partner in the research because he engaged in 
inquiry too, for example, into the question of “judgments”. His inquiry was different 
from mine. He was much less interested than I was in generalised research 
knowledge, and had no wish to write research papers. However, he was very 
interested in thinking about teaching and exploring ways of enhancing learning. Thus 
his design of teaching, my analytic observations of his teaching and our subsequent 
(lengthy) discussions served both our purposes, and moreover our learning was 
mutually dependent - we learned from each other’s activity and expression. This has 
been true in subsequent projects in which 1 have worked with didacticians and 
teachers. The act of engaging together in research has meant that we are all inquiring 
into the learning and teaching processes in which we have differing roles and goals. 
The mutuality of inquiring together leads to clearer understandings - co-learning - for 
both partners. 
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Thus inquiry provides a theoretical basis for seeing research as a developmental tool. 
Chambers’ English Dictionary (McDonald, 1977) suggests that to inquire means: to 
ask a question; to make an investigation; to acquire information; to search for 
knowledge. Wells (1999) sees dialogic inquiry as 

a willingness to wonder, to ask questions, and to seek to understand by collaborating 
with others in the attempt to make answers to them (p. 122). 

Wells’ “to ask questions . . .and . . . attempt to make answers to them” is one way of 
interpreting Chambers’ “search for knowledge”. This search for knowledge and its 
relation to learning, ‘coming to know’, forms the essence of the inquiry process. 

Of course, inquiry has a long history in mathematics education. I think of inquiry as 
being at the roots of the problem-solving movement, deriving from Dewey and Polya, 
and promoted by John Mason and Alan Schoenfeld and others in mathematics 
education (see references for key sources). Inquiry in (school) mathematics can be 
seen to follow the activity of research mathematicians, and lead to recognition of the 
value of processes such as specializing and generalizing, conjecturing, convincing 
and proving (e.g., Mason, Burton & Stacey, 1982). Involvement in questioning and 
investigating focuses minds on aspects of mathematics and generates further 
questions and lines of inquiry, seeking answers and supporting learners in coming to 
know. For example, in their further work on vectors, Ben asked pupils to draw their 
own vectors and find their lengths. In addressing what vectors can we draw, students 
recognized what seemed like negative or zero vectors and had to resolve these 
apparent inconsistencies with the idea of a vector being a journey (Jaworski, 1 994). 
Cognition could be seen to develop through tackling such inconsistencies and arguing 
them out in class. Viability (Glasersfeld, 1995) of constructed knowledge suggested 
that inconsistency was inappropriate and some resolution had to be found. As 
students argued and explored, results (like the length of a vector being positive even 
if the vector seemed to be negative) emerged and were seen to make sense. There was 
evidence of pupils’ growth in mathematical knowledge. 

It seems to me that inquiry in mathematics, as a mode of activity for pupils learning 
mathematics, has processes in common with both inquiry in developing mathematics 
teaching and inquiry in the research process. Indeed, the research with Ben and other 
teachers began as a study of investigative mathematics teaching: exploring the 
practices and issues arising from working in an investigative way with pupils in 
mathematics classrooms. Investigation was a mode of learning, a way of designing 
activity for pupils and a way of developing teaching. Thus I see inquiry in three 
mutually embedded fonns or layers: 

• Inquiiy in mathematics'. Pupils in schools learning mathematics through 
exploration in tasks and problems in classrooms; 

• Inquiiy in teaching mathematics'. Teachers using inquiry to explore the 
design and implementation of tasks, problems and activity in classrooms; 
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• Inquiry in research which results in developing the teaching of mathematics'. 
Teachers and didacticians researching the processes of using inquiry in 
mathematics and in the teaching of mathematics. 

In each of these layers we have people as individuals and people as groups inquiring 
into mathematics, mathematics teaching or into the contribution of research to 
teaching development. The individual-and-social nature of the processes involved is 
central to what I see as being the way ahead for teaching development. Jon Wagner 
talks of “co-learning” in research partnerships, writing 

In a co-learning agreement, researchers and practitioners are both participants in 
processes of education and systems of schooling. Both are engaged in action and 
reflection. By working together, each might learn something about the world of the 
other. Of equal importance, however, each may leam something more about his or her 
own world and its connections to institutions and schooling. (Wagner, 1997, p 16) 

We are all deeply embedded in social and cultural worlds (including political, 
economic, religious and systemic factors). Knowing can be seen both as situated in 
the context, community and practices in which we engage and as distributed within a 
community of practice (Cole & Engestrom, 1993). Individual construction of 
understanding occurs within a ‘community of practice’ and is rooted in the norms of 
activity within that practice. Learning is in dialogue in the social plane before being 
internalized to the mental plane through inner speech (Vygotsky, 1978). Wenger 
(1998) has emphasised the production of identity through participation in a 
community of practice. Learning is presented as a “process of becoming”. Wenger 
states, “It is in that formation of identity that learning can become a source of 
meaningfulness and of personal and social energy” (p. 215). He speaks of “modes of 
belonging”, including engagement , imagination and alignment. We engage with ideas 
through communicative practice, develop those ideas through exercising imagination 
and align ourselves, critically, “with respect to a broad and rich picture of the world” 
(p. 218). I believe we can conceptualise inquiry learning in such terms. 

I have struggled with the individual/social tension in a shift over the years from a 
constructivist position on knowing and learning to a more overt recognition of the 
social embeddedness of learning as expressed briefly above. The commensurability 
of these positions has been both a source of contention and an inspiration to seek 
some resolution between them, since both are essential (e.g., Bruner, 1997). Two 
factors, however, were always clear to me: (1) the power of inquiry in processes of 
learning; (2) the importance of dialogue in coming to know. Theoretically, I believe 
that a shift from ‘community of practice’ to ‘community of inquiry’ provides a 
perspective in which reflective development of teaching by individual teachers results 
in a developing community (Wells, 1999). In a community of inquiry, inquiry is 
more than the practice of a community of practice: teachers, develop inquiry 
approaches to their practice and together use inquiry approaches to develop their 
practice. This indicates a reflexive relationship between inquiry and development 
(where development implies learning and deeper knowing). Wells describes teachers 
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as “attempting to develop such communities of inquiry and simultaneously making 
their attempts the objects of their own inquiries” (1999, p. 124). A feature of a 
community of inquiry that distinguishes it from a community of practice, according 
to Wells (fitting well with references to Mason and Schon on reflection earlier) is 

the importance attached to meta-knowing through reflecting on what is being or has 
been constructed and on the tools and practices involved in the process’ (page 124, my 
emphasis). 

He adds, ‘the construction of understanding is a collaborative enterprise’ (p. 125). 

Such a model is an individual process and a community process: as part of a 
community of inquiry, individuals are encouraged to look critically at their own 
practices and to modify these through their own learning-in-practice. Developments 
within the community result from rationalisations, implicit and overt, between 
ongoing practices. Participants grow into and contribute to continual reconstitution of 
the community through critical reflection; inquiry develops as one of the norms of 
practice and individual identity develops through reflective inquiry. 

In my view, inquiry is both a tool and a way of being. In constructivist terms, it can 
be seen to stimulate accommodation of meanings central to individual growth. In 
sociocultural terms it is a way of acting together that is inclusive of the distributed 
ways of knowing in a community. The notion of “way of being” reflects Wenger’s 
concepts of becoming and belonging. When different communities interact in a mode 
of inquiry, meta-knowing that results through inquiry processes allows 
understandings that cross community barriers (c.f., Wagner, above). It is within this 
theoretical frame that teachers and didacticians collaborate for mutual learning. This 
view accords with the idea of ‘inquiry as stance’ introduced by Marylin Cochran 
Smith and Susan Lytle (1999). Teachers taking an inquiry stance “[raise] questions 
about what counts as teaching and learning in classrooms” and “critique and seek to 
alter” systemic norms and relationships; further, they suggest, “the work of inquiry 
communities is both social and political”, aiming to bring about change in traditional 
ideas of knowledge and develop richer conceptions of practice (p. 289). 

However, there is a fundamental tension in addressing teaching complexity through 
inquiry communities that I will try to capture before going further. The theory 
expressed above articulates a concept of learning through inquiry in communities in 
which teachers and didacticians are learners. The communities both support the 
inquiry and grow through the inquiry. However, so far, the role of a teacher or 
teacher educator in these learning processes is hidden. Consider again my three 
levels: at Level 1 we might expect a teacher to contribute fruitfully to students’ 
learning of mathematics and at Level 2, a teacher educator might contribute similarly 
to a teacher’s learning of teaching. Indeed systemic requirements and social 
expectations demand that teachers and teacher educators have goals for the learning 
of their students. Certain complexities of teaching arise from trying to reconcile 
developing teaching through a community of inquiry with expecting that teachers will 
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have clear goals for their students’ learning - the inquiiy/goals tension. My next 
section will start to address these issues. 

DEVELOPING TEACHING: DESIGN, INNOVATION AND INQUIRY 
Learning Study (LS) 

Inquiry as a way of being is fruitful for development, as experience and research 
show (e.g., Schoenfeld, 1996; Wells, 1999). I see that inquiry as a tool is valuable to 
induce inquiry as a way of being. The tool needs to be used purposefully. Ference 
Marton and colleagues in Sweden and Hong Kong (Marton, Tsui, Chik, Ko, Lo, Mok, 
Ng, Pang, Pong, & Runesson, 2004) have used inquiry as a tool in a developmental 
process they call “Learning Study”. Developing from Japanese Lesson Study (e.g., 
Stigler & Hiebert, 1999 ), Learning Study encompasses elements of inquiry, design 
and innovation. Marton et al. write, “Students’ learning should not be accidental . . .” 
(p. 331). They add, “Teachers’ opportunities to learn are a key factor affecting 
classroom practice ...” (p. 332); and “Intervention studies must change what teachers 
do ... in order to affect student learning.” (p. 333). It seems to me that, in developing 
teaching through inquiry, teachers’ learning is not accidental; and in good research, 
researchers’ learning is not accidental. This does not mean that we cannot learn what 
we did not set out to learn, but rather that, in purposeful activity, we have goals for 
learning; and moreover, it is problematic if learning does not accord with declared 
goals. But, how do we achieve our goals? These statements about goals speak 
directly to the tension outlined at the end of the last section, especially if our goals are 
for the learning of some person other than ourselves. Is a student (or teacher) in a 
position of deficit with respect to a teacher’s (or teacher educator’s) goals? Is this 
tension instrumental in complexities observed? 

In learning study (LS) a group of teachers designs innovative classroom activity, 
based on agreed theoretical principles, and explores the consequent teaching. Design 
and innovation offer purposeful directions. Teachers use inquiry as a tool to explore 
teaching, alongside didacticians who offer theoretical ideas and practical support and 
who research the processes of teaching development. Teachers develop their thinking 
and practice through successive cycles of inquiry. They each work in their own 
classroom, interpreting a design they have produced jointly. Observation of each 
other’s teaching and group reflections lead to building of group and individual 
awareness through which inquiry’ as a way of being develops. 

LS goes beyond lesson study in two major respects. The first is its theoretical basis. 
Design is based on variation theory (Marton et al, 2004). Didacticians and teachers 
work together to establish a theoretical basis for joint inquiry. The second is its 
purposeful nature in terms of pupil learning. LS conducts research into pupils’ 
attitudes and understandings throughout the developmental process. Thus teachers 
use variation theory to design activity related to curricular topics such as subtraction 
or fractions, and tests are applied before and after classroom activity to find out what 
students have learned. Marton et al acknowledge their use of “design” as being in 
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accord with a paradigm becoming known as “design research”: this, I believe, both 
comes up against and offers ways to address the inquiry/goals tension. 

Design Research 

The design research paradigm in education, developing from the work of Ann Brown 
and colleagues, uses design as a developmental tool. According to Anthony Kelly 
(2003), design research 

attempts to support arguments constructed around the results of active innovation and 
intervention in classrooms. The operative grammar, which draws upon models from 
design and engineering, is generative and transformative. It is directed primarily at 
understanding learning and teaching processes when the researcher is active as an 
educator, (p. 3) 

If we see educator here to refer to teachers and didacticians, both of whom are also 
researchers, this definition applies well to LS. However, we need clearer distinction 
on the activity of these partners since is likely that neither their roles nor their goals 
in research are the same. I will come back to this. 

According to Paul Cobb and colleagues, design experiments offer a means of 
addressing complexity. They result in an understanding of a learning ecolog)’ in 
which “designed contexts are conceptualized as interacting systems rather than as 
either a collection of activities or a list of separate factors influencing learning” 
(Cobb, Confrey, diSessa, Lehrer, & Schauble, 2003, p. 9). A learning ecology 
typically includes 

the tasks or problems that students are asked to solve, the kinds of discourse that are 
encouraged, the nonns of participation that are established, the tools and related 
material means provided, and the practical means by which classroom teachers can 
orchestrate relations among these elements (Cobb, et al., 2003, p. 9). 

Taken from a special issue of Educational Researcher which focused on design 
research at an abstract level, these papers say little about the roles and involvements 
of teachers. In most cases, although talking of collaboration with teachers, they seem 
to suggest that design is the province of didacticians, and that teachers in some way 
that is not explicit implement such design. Predating this writing, Erich Wittmann 
(1998), writing about the importance of design in teaching development is more 
explicit: “Teachers need to be trained and regarded as partners in research and 
development and not as mere recipients of results” (p. 95). Despite the word partners, 
these words suggest that agency in such partnership rests with the designers who are 
not teachers. Indeed Wittmann says that design “cannot be left to teachers” (p. 96). 
“The teacher can be compared more to a conductor than to a composer, or perhaps 
better to a director . . . than to a writer of a play” (p.96). 

So, an issue for design research, as I see it, is how it conceptualizes the activity of 
teachers with respect to design and implementation. What kind of teacher agency is 
evident in the design process? In LS, it is teachers who design classroom activity 
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based on theoretical understandings nurtured by their didactician colleagues and 
supported by these colleagues. The learning of pupils is a clear goal, but this is 
expressed directly in terms of the required curriculum, not in terms of learning 
through inquiry. Thus, the inquiry/goals tension is not so evident in LS. 

I will conclude this paper with reference to a research project that aims to build on 
ideas from learning study and from design research while keeping inquiry as its 
central theoretical focus. Research is designed to look carefully at the building of 
communities in which inquiry is used and developed and at learning and teaching 
goals that are addressed. The inquiry/goals tension is an explicit focus of research. 

A RESEARCH APPROACH BASED ON INQUIRY IN LEARNING 
COMMUNITIES 

This project, Learning Communities in Mathematics (LCM) 1 , is designed to build 
communities of inquiry involving teachers and didacticians to develop teaching and 
enhance learning of mathematics. The theoretical basis of the project is inquiry as an 
approach to learning mathematics, to teaching mathematics and to researching the 
processes and practices of building inquiry communities to develop teaching. The 
project aims to use inquiry as a tool to develop inquiry as a way of being in 
developing teaching and studying related classroom activity and learning of pupils. 

We are establishing agreements with 7 schools, from early years to upper secondary, 
each with a teacher group of at least 3 teachers committed to the project. Teacher 
groups in schools will focus on design of classroom activity that both builds in ideas 
of inquiry and addresses systemic requirements, including the goals of the school and 
educational system. It is the teachers who will design classroom activity based on 
inquiry as a tool for learning mathematics. 

At the beginning, the role of didacticians is to draw teachers into inquiry in a variety 
of ways: firstly through workshops (at the college) in which we work together on 
what inquiry means for us all with respect to mathematics learning. Didacticians 
design workshops to create opportunities to do mathematics together in inquiry mode. 
Teachers and didacticians together will inquire into what inquiry looks like in 
mathematics learning. The role of teachers is to work on developing ideas of inquiry 
in relation to their own knowledge of mathematics, pupils and schooling, and take 
ideas back for further development in the school context. 

In school, during the same time period as the workshop activity, teachers in each 
school form an inquiry group to think about what their teaching might look like from 
an inquiry perspective and to plan classroom activity. Within their own social setting 
- of curricula, programmes of study and school milieu - teacher groups will design 
innovative classroom activity that encourages pupils to get involved in inquiry in 
mathematics. Didacticians will support teachers in thinking about the nature of 



1 We are supported by the Research Council of Norway (Norees Forskninesrad): Project 
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inquiry, drawing on experience and literature, getting involved in discussion of 
mathematical topics and examination questions, providing readings, software, advice 
on using software, access to mathematics and so on: responding to needs rather than 
imposing directions. 

Didacticians study the design activity and the processes that emerge from 
implementing design; this includes both the design of our project and teachers’ 
design of classroom activity. Here we expect to address the inquiry/goals tension at a 
number of levels, and to study how the use of inquiry as a tool in design, and in the 
tasks designed, promotes inquiry as a way of being. What kinds of interactions take 
place between didacticians and teachers? How do we address issues and concerns? 
What is needed at practical levels of ideas and resources? How does the thinking of 
all of us develop through our joint activity? 

Data in the above will be collected through audio recordings and hand written notes 
from meetings and from personal reflections of the people involved. We shall video- 
record workshops and classrooms. We are recognising complex decisions in choice 
of methods and use of technology in data capture and analysis, aware that 
sophistication introduces its own problems. We expect to have a lot of data, so we 
have to think carefully about data reduction processes, how we shall recognize and 
validate significance; how our grain of analysis can be judged to capture elements of 
the delicate “process of becoming”, of “formation of identity [in which] learning can 
become a source of meaningfulness and of personal and social energy”, of “modes of 
belonging”, including engagement, imagination and alignment (Wenger, 1998, p. 
215). These theoretical issues are central to our inquiry process. 

Although our study of interactions within the project will be ongoing (over a 4-year 
period), we expect to have two phases of data collection in which we video-record 
classroom interactions, and audio-record conversations with teachers and pupils 
individually or in groups. Here we shall be looking at the outcomes of the design 
process, gaining insight to the thinking of pupils, teachers and didacticians, and 
teasing out key issues in our developmental process. Classroom data will be related 
to data from the design process, to explore relationships between design and activity. 
Between these two phases we shall focus on learning in the project so far, ways of 
being that we can see developing and issues for dissemination and substainability. 

Ultimately we are looking for inquiry models that have a practical foundation in 
terms of the reality of schools, classrooms and teachers’ lives. The communities that 
develop should be sustainable beyond the life of the project because the people 
involved have developed ways of being. As we talk with teachers and negotiate 
delicately the early stages of our relationship, the inquiry-goals tension is already 
evident. Teachers, enthusiastic to take part in the project, are wary that it may take 
time from necessary curriculum planning, or require classroom activity that does not 
address curriculum goals. While excited by the possibilities the project offers, some 
overtly air their concern that project activity will demand different kinds of planning 
space and different goals. Shifts in planning and goals are a focus of our study. 
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The current challenge for didacticians in these early talks with teachers, is how we get 
jointly to seeing this as a project in which the concerns are shared; in which teachers 
are not just responding to the ideas and desires of didacticians, but themselves taking 
on the mantle of the project - with ownership of its goals for learning and teaching 
within their own sociosystemic setting - and grappling with the tensions and issues 
that arise. We shall be reporting further on our progress in this and other aspects of 
the project in the coming years. We welcome interest from, and cooperation with 
colleagues in other parts of Norway and around the world. 

I should like to thank Janet Ainley, Tom Cooney, Tim Rowland and Anne Watson for 
extremely valuable comments on an earlier draft of this paper. 
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COMPEX DILEMMAS CONCERNING INCLUSION AND 
DIVERSITY IN MATHEMATICS EDUCATION RESEARCH 
WITH TEACHERS. 

Chris Breen . University of Cape Town, South Africa 

Those invited to respond to the plenary papers at PME28 have been given a brief that 
asks them to bring a new perspective to the theme offered by the plenary speaker, or 
oppose the focus given. The invitation suggests that this might be done by presenting 
alternative perspectives or by suggesting dilemmas arising from the perspective put 
by the speaker. The main aim is to fit in with the theme of Inclusion and Diversity by 
stimulating subsequent debate on the ideas presented. 

Barbara’s plenary paper gave me a great deal of food for thought. She has a track 
record of really trying to work with practicing teachers for the improvement of 
classroom practice and we have seen and attended the contributions of many of her 
students here at PME over the years. So her ideas are well developed and have a 
wealth of thought and experience behind them. I applaud the work that she has been 
involved with and trust that this new project will be rewarding. 

You will gather from this that 1 do not intend to take up the option of opposing the 
focus that she has given. Instead I plan to respond by using Barbara’s paper and the 
issues that she has raised as a springboard for raising some of the current unresolved 
dilemmas that I am having to face in my own work with teachers and their research 
into their own practice. In sharing these personal dilemmas I hope to stimulate debate 
on Barbara’s paper. 

I have been working on teaching for the past 30 years from my various positions as 
teacher, didactitian and Director of an in-service provider. In addition, for the past 
five years I have offered a taught Masters module at my university which draws on 
the work of Davis (1996), Maturana and Varela (1986) for its enactivist approach to 
understanding learning, and on Depraz, Varela and Vennersch (2003) and Mason 
(2001) for its techniques on approaches to becoming more aware of one’s own 
practice. The first students using this module as a foundation for their dissertations 
are in the process of graduating with what I consider to be exciting work. I have also 
used the above course as a foundation for another set of courses on Complexity and 
Diversity that I have been running for the past three years at UCT’s Graduate School 
of Business, where my starting point again comes from an enactivist position but also 
draws on the work of Capra (1997, 2002) and business theorists such as Stacey 
(1996), and Lissack and Roos (1999). 

Using this background I am going to draw on three different sources as a backdrop to 
my response. The first of these flows from my understanding of Complexity Theory 
and enactivism. 
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Complexity theorists draw a distinction between the descriptors complicated and 
complex. This new interdisciplinary field begins by rejecting the modernist tendency 
to use machine-based metaphors in characterising and analysing most phenomena. 
Machines, however complicated, are always reducible to the sum of their respective 
parts, whereas complex systems - such as human beings or human communities - in 
contrast, are more dynamic, more unpredictable, more alive. (Davis and Sumara 1997, 
117) 

Boundaries that currently define schools and universities should be blurred ... so that 
the relations between that which we call teacher education needs to move away from a 
model that focuses on mastery of classroom procedures and toward a more deliberate 
study of culture making. (Davis and Sumara 1997, 123) 

In such a (diverse) community infonnation and ideas flow freely through the entire 
network, and the diversity of interpretations and learning styles - even the diversity of 
the mistakes - will enrich the entire community. (Capra 1996, 295) 

I also want to locate myself within the themes of the conference of Diversity and 
Inclusion and in addressing this I have been influenced by the following comments 
which were posted on the conference web page. 

While celebrating diversity ... it is vital to develop criteria for centrality. 

(John Mason, Oct 22 2003) 

I would like to reverse the phrase “inclusion and diversity” to “diversity and inclusion” 
(in order to) bring our focus towards enquiring structures of power inherited. . . 

Sikunder Baber (Nov. 3 2003) 

The term “inclusion” in the title “inclusion and diversity” is a recognition of (the) 
presence of dominant structure, which has the power to “include”, and therefore 
“exclude”. Therefore the retention of the term “inclusion” in the theme title is an 
implicit celebration of the power of dominant structure, an act, inherently counter- 
productive in the equation of intercultural relationships, and therefore of “diversity”. 

Al-Karim Datoo (Nov. 21 2003) 

Finally, I have for a long time been interested in the field of Teachers as Researchers. 

. . . the essence of the Teacher Research movement came from the dissonance and unease 
that it caused in its quest to improve the education system. . . The teacher-research 
movement can assist by causing dissonance and trouble. Trouble that comes from 
conviction based on evidence drawn from research by those in the field who know that 
we haven’t got education right and who are prepared to put their energies into getting 
something changed. The minute teacher research becomes comfortable, someone else 
needs to take over. (Breen 2003, 541). 

Lewin and Regine (1996) maintain that the main entry into a complex view of the 
world depends on the value we attach to the stories we tell and the way in which they 
are listened to. My response at the conference in July will largely take the form of a 
collection of personal stories. The problem with these stories is that they are 
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inevitably situated within a specific time, context and current interpretation, and as I 
sit at this keyboard in May, I cannot know what particular form of story I will want to 
tell at Bergen in July. However there are three main stories which fill the menu at 
present. 

Story One occurs when, as a didactitian at the time, 1 was privileged enough to be 
asked to allow my teaching to be used as a research site by another didactitian. The 
ensuing interaction gave me some insights into issues for teachers working with 
didactitians. 

Story Two centres around a request to me as didactitian to work with two teachers to 
assist them ‘work on their own practice’. We have written about this elsewhere 
(Breen, Agherdien and Lebethe 2003), and the issues raised at the time were 
complex. 

Story Three involves three postgraduate students registered for the Masters in 
Teaching, who attempted to research aspects of their own practice for their 
dissertations and the challenges this faced for them (as it took them at times in 
directions in opposition to the academy in general) and for me as supervisor. 

In all three of these stories I can most accurately be scripted as a troubled man faced 
with problems of identity and uncomfortable choices. The issues contributing to my 
dis-ease have to do with: 

• Who initiates the ‘project’? 

• Whose questions are privileged? 

• Whose theories are foregrounded? 

• How do participants cope with different agendas? 

• What do we learn from each other? 

• Who is in control of the process? 

These questions are not exactly the same ones that Barbara has raised but they are the 
ones that come back to me as I think about the dilemmas of a didactitian as s/he tries 
to set up a project where teachers are included in a community of inquiry. I hope that 
those in the PME audience when I respond will find some resonance with her paper. 
These issues are (obviously) ciucial for me and they are the largely unresolved 
questions that I have to live with as I work with teachers and their work in 
classrooms. In a sense I am reassured by the understanding that 1 am working in that 
complex place that is also known as the ‘edge of chaos’ or ‘border of disorder’ and 
that all that 1 can do if follow Rilke’s exhortation to ‘live your questions now’ (Rilke 
1986,45)! 
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